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general preface 



This monograph was written for the Conference on the New Instructional 
Materials in Physics, held at the University of Washington in the sum- 
mer of 1965. The general purpose of the conference was to create effec- 
tive ways of presenting physics to college students who a* a not pre- 
paring to become professional physicists, Such an audience might Include 
prospective secondary school physics teachers, prospective practitioners 
of other sciences, and those who wish to learn physics as one component 
of a liberal education. 

At the Conference some 40 physicists and 12 filmmakers and design- 
ers worked for periods ranging fron four to nine weeks. The central 
task, certainly the one in which most physicists participated, was the 
writing of monographs. 

Although thore was no consensus on a single approach, many writers 
felt that their presentations ought to put more than the customary 
emphasis on physical insight and synthesis. Moreover, the treatment was 
to be "multi-level" that is, each monograph would consist of sev- 
eral sections arranged in Increasing order of sophistication. Such 
papers, it was hoped, could be readily introduced into existing courses 
or provide the basis for new kinds of courses. 

Monographs were written in four content areas: Forces and Fields, 
Quantum Mechanics, Thermal and Statistical Physics, and the Structure 
and Properties of Matter. Topic selections and general outlines were 
only loosely coordinated within each area in order to leave authors 
free to invent new approaches. In point of fact, however, a number of 
monographs do relate to others in complementary ways, a result of their 
authors' close, Informal interaction. 

Because cf stringent time limitations, few of the monographs have 
been completed, and none has been extensively rewritten. Indeed, most 
wrlteru feel that they are barely more than clean first drafts. Yet, 
because of the highly experimental nature of the undertaking, it is 
essential that these manuscripts be made available for careful review 




by other physicists and for trial use with students. Much effort, 
therefore, has gone into publishing them in a readable format Intended 
to facilitate serious consideration. 

So many people have contributed to the project that complete 
acknowledgement is not possible. The National Science Foundation sup- 
ported the Conference. The staff of the Commission on College Physics, 
led by E, Leonard Jossem, and that of the University of Washington 
physics department, led by Ronald Geballe and Ernest M. Henley, car- 
ried the heavy burden of organization. Walter C. Michels, Lyman G. 
Parratt, and George M. Volkoff read and criticized manuscripts at a 
critical stage in the writing. Judith Bregman, Edward Gerjuoy, Ernest 
M. Henley, and Lawrence Wllets read manuscripts editorially. Martha 
Ellis and Margery I ang did the technical editing; Ann Widditsch 
supervised the initial typing and assembled the final drafts. James 
Grunbaum designed the format and, assisted in Seattle by Roselyn Pape, 
directed the art preparation. Richard A, Mould has helped in all phases 
of readying manuscripts for the printer. Finally, and crucially, Jay F. 
Wilson, of the D. Van Nostrand Company, served as Managing Editor. For 
the hard work and steadfast support of all those persons and many 
others, 1 am deeply gratoful. 

Edward D. Lanbe 
Chairman, Panel on the 
New Instructional Materials 
Commission on College Physics 
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PREFACE 



This monograph consists of three related parts. There Is a "text," a 
guide to the experiments for students, and a guide to the experiments 
for Instructors. The principle feature of the monograph is the set of 
experiments. The function of the text is to provide continuity to re- 
late the experiments to one another and to provide some mathematical 
basis for analysis of the various phenomena observed. Only five exper- 
iments have been performed in the student testing program of the con- 
ference. Therefore, only five experiments are Included in the student 
guide. The guide for instructors is more extensive. Many of the exper- 
iments have been constructed and tested, either during the conference 
or elsewhere. Preparation of these experiments is outlined in detail 
and they can be reproduced without difficulty, Another group of ex- 
periments has been planned and some design criteria stated. However, 
these have not been constructed and so some "bugs" may have to be ex- 
terminated before they are ready for student use. Finally, there are 
several experiments which have not been considered very carefully at 
all. They appear here only in the form of suggestions as to how one 
might do them, 

A few of the experiments require sophisticated optical apparatus 
or other advanced techniques. Those experiments may be performed by 
the instructor if necessary. Films of the experiments may occasionally 
be substituted for the real experience and/or used as review material. 

The use of the laboratory as a teaching method is relatively ex- 
pensive and inefficient compared to reading a text or listening to a 
lecture. However, efficiency must not be measured only in terms of 
verbal recall. Laboratory learning has a way of continuing long after 
the formal experience has ended. As the student develops confidence 
in his ability to learn facts by observing apparatus he becomes 
capable of learning independent of teachers. It is on this premise 
that this monograph has been constructed. There is not a unique body 
of knowledge to be imparted through these pages. Many interesting and 
valuable phenomena have been omitted and those that have been Included 
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have been selected to offer a set of experiences of increasing com- 
plexity. Hopefully, the student who works his way to the last experi- 
ment will be prepared to continue his education in formal courses in 
kinetic theory, solid state physics, physical chemistry, meteorology, 
metallurgy, and thermodynamics. 




1 PRESSURE AND TEMPERATURE 
PROPERTIES OF MATTER 
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In these pages we are going to examine 
the properties and behavior of matter, 
the tangible, bulky stuff that sur- 
rounds us, flows past us, and bumps 
into us every day of our lives. We 
shall draw heavily upon experimental 
evidence in an attempt to see the pat- 
tern of behavior unfold Just as our 
scientific ancestors saw it. We have 
the advantage, however, in that our 
experiments will be carefully selected. 
We can avoid many dark alleys and 
fruitless searches. Although our point 
of view here is going to be largely 
that of "physics," it will not mean a 
narrow restriction on the subject nor 
on the techniques of our investigation. 
In the ancient Greek academies the 
study of science was an outgrowth of 
the quadrlvium: arithmetic, geometry, 
astronomy, and music. Gradually the 
study of the last three of these 
broadened into "natural philosophy." 
This tradition of the investigation 
of natura as a whole, not circum- 
scribed by such modern boundaries as 
"physics," "chemistry," "metallurgy," 
"meteorology," continued well into 
the nineteenth century. It is only in 
recent years that the rapid growth of 
scientific knowledge has encouraged 
the separation of science into narrow 
and more specialised disciplines. But 
if we are to learn the secrets of 
matter it is important to avoid this 
narrowness, for we shall be obliged 
to draw upon the skills and insights 
of many sciences. We shall be inter- 
ested in the properties of matter from 
whatever point of view offers an op- 
portunity for insight and understand- 
ing. 

When we set ourselves the task of 
understanding matter, we need to be 
more explicit about our goal. What 
does it mean to understand? Surely 
everyone understands what a gas is - 
It's like the air that blows against 
his face and through his hair. Bvery- 
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one understands that a liquid flows 
and drips and is, perhaps, wet. And 
that a solid is rigid, immobile, 
springy, or hard. Each of these words 
is a part of our experience; each de- 
scribes a property which is common to 
some of the objects we are consider- 
ing. But is this "understanding? The 
ancient Greeks also "understood" mat- 
ter. It was formed of four elements; 
air, fire, earth, and water. The prop- 
erties of any substance could be ex- 
plained in terms cf combinations of 
those elements in different propor- 
tions. Myriads of combinations are 
possible, and the variety in the nat- 
ural world reflects that diversity. 

Such understanding was a great achieve- 
ment at its time but it no longer 
satisfies us. Since the four elements 
could be mixed in arbitrary amounts 
every real substance was describable 
by its special combination. No general 
rules were found to guide or restrict 
the choices. There was no way to un- 
derstand why some combinations do not 
occur. Such a description of nature 
becomes little more than an exercise 
in rhetoric. 

We need to take a moment to ask, 
"Wha* constitutes understanding in 
science?" How will we know that our 
description of nature is an improve- 
ment over the Greek air, fire, earth, 
and water? Are there tests that one 
can use to examine the validity and 
utility of a scientific statement? We 
shall find that there are. 

The descriptions of matter that 
we are going to develop in these pages 
are relatively modern. During the 
eighteenth and nineteenth centuries, 
great advances were made in organising 
the properties of matter in terms of 
the quantities pressure, volume, and 
temperature. At the same time experi- 
ments on heat were performed and grad- 
ually the nature of heat became clear. 
An intimate relationship exists be* 
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